Abstract-An electric field time-domain integral equation (TDIE) for arbitrarily two-dimensional bodies located on a time-evolving rough surface is presented. The explicit solution technique of the TDIE is considered, and the time responses of the current distributions and the far-zone field are investigated in detail, meanwhile, the method of moment associated with the inverse discrete Fourier transformation (MoM-IDFT) scheme is also introduced to depict the accuracy of the presented technique for the transient scattering by arbitrarily objects integrated with a rough surface.
Time-domain integral equation (TDIE) techniques possess a number of advantages when used to analyze wideband or nonlinear or time-varying electromagnetic scattering and radiation phenomena [1, 2, [4] [5] [6] . During the past decade, many different TDIE approaches have been proposed to model transient scattering by conducting or dielectric bodies, but only few scheme is presented to solve problems of electromagnetic scattering by an object located on a rough surface. Actually, most of previous studies on such a complicated scattering problem have considered the scattering from a target on a single rough surface realization as a function of the aspect angle in term with Monte Carlo methods, or have considered the scattering from target over a rough surface use a four-path model based on the coherent reflection coefficient of the rough surface [3] . It is hard, however, to handle the time-dependence of the scattering by an object located on a realistic time-evolving rough surface (such as a sea surface) in those models. In this paper, the numerical models of transient scattering from one-dimensional (1-D) rough surface and the surface with arbitrarily two-dimensional (2-D) PEC bodies are analyzed. A novel explicit algorithm for the calculations of transient far-fields using TDIE is presented and the numerical results are also compared with MoM-IDFT, to prove the better effectiveness and accuracy of this technique for transient scattering from complex rough surfaces associated with the targets. We assume that arbitrarily 2-D PEC bodies are located on 1-D rough surface shown in Fig. 1 . The boundary condition of zero tangential electrical field is enforced on both target and rough surfaces, so that we have the time-domain electrical field integral equation aŝ
For the TDIE formulation of 2-D object, the scattered field is
where,
ds , where J ( ρ , t) denotes the surface current density but the line current density, this is the major difference between the TDIE method with method of moments (MoM). For a TM incident field, the electric field only has a component in the z directed, and ∇ϕ = 0.
We adopt the pulse basis function and the Galerkins method of moments approach, Equation (2) could be integrated as
here I n is the unknown coeffiecient at the nth zone. The current in a patch does not vary appreciably with time is assumed, and then A could be rewritten as
Finally, the current I n is computed by the explicit scheme as
whereÃ is the second term of the right-hand side in Eq. (4),
and ρ n are the center of mth and nth segments, respectively. In order to keep the continuity of surface current in calculation region, we adopt the taper Gaussian impulse wave with a window function exp
where g is the attenuation factor, to keep incident field be zero at the edge of the rough surface. Correspondingly, the far field could be represented as
where τ n = (ρ −ρ · ρ n )/c, a = ct j − ρ +ρ · ρ n , t k = ∆t · k is the kth time step, J n (t k ) and J M n (t k ) are the electrical and magnetic currents. In this study, the surface is meshed by N points, the spatial step size is ∆x, the total length of rough surface is L = N ∆x, x n = n∆x (n = 1, 2, . . . , N ) and each segment is considered as an infinite conducting strip in three-dimensional space, in order to establish the electrical field integral equations by using TDIE method.
In all our computations, the case of TM polarization is considered, where the parameters E 0 = 377 V/m, T = 4 LM, ct 0 = 6 LM , L = 25. denotes a light meter, so a light meter is the length of time taken by the electromagnetic wave to travel 1 m in the free space. Figure 2 shows the transient scattering characteristics of a 2-D cylinder located on a gauss rough surface which is shown in Fig. 1 , where Fig. 2(a) shows time response of the current at rough surface center point, while Figs. 2(b) and 2(c) dipect the responses from the far fields at forward direction and back direction, respectively. In calculation we choose that correlation length is l = 0.4 m, rms height is h = 0.05 m, the radium of the cylinder is 0.5 m, the distance between the cylinder with the rough surface rface is D = 1.5 m, and the cylinder circle is divided by 30 segments. To test the validity of this approach, we compare the results obtained by using presented method with those using the MoM-IDFT method, in the case of the MoM+IDFT, the frequency ranges are cover 360 MHz with 1000 sample points and the comparison is also depicted in Fig. 2 . The TDIE approach works as well as the MoM+IDFT. Actually, it is well known, the MoM+IDFT is a frequency-domain technique with a very time consuming on the wide-band information, but a direct time-domain (TDIE) solution is more efficient for the transient scattering problems. To further characterize the scattering effects of the target located on different position of the rough surface, the time responses of far fields at different height D and even without the cylinder are compared in Fig. 3 . It is found that the back scattering has been obviously enhanced when the object is located over the rough surface.
In conclusion, the numerical investigation of electromagnetic scattering by a 2-D target located on a time-evolving rough surface is carried out in this paper. The time responses of the current distribution and far-zone field are computed using the TDIE approach. The solution results indicate the different scattering characteristics between a rough surface with the objects located on the same suface.
